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Abstract

Background High-sensitivity cardiac troponin (hs-cTn) assays are the gold standard for the early diagnosis and risk stratifica-
tion of acute myocardial infarction (AMI). PERFORM-TSIX (clinicaltrials.gov identifier: NCT06734117) is a prospective,
international, observational, longitudinal cohort study to evaluate the clinical performance of the next-generation Elecsys®
Troponin T hs Gen 6 assay; the study design is presented here.

Objectives The primary objective is to determine the sensitivity of the Troponin T hs Gen 6 assay for the detection of cen-
trally adjudicated AMI diagnosis at 3 h post-emergency department (ED) presentation. Secondary objectives include evalu-
ation of clinical performance at 0, 1-, 5-, and 6-h post-ED presentation and validation of thresholds for a 0/1-h algorithm
to rule out AMI. Exploratory objectives include validation of thresholds for a 0/1-h algorithm to rule in AMI and a 0/2-h
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algorithm to rule in/out AMI and evaluation of prognostic
performance at 30 and 180 days.

Methods PERFORM-TSIX enrolled 5631 participants
across 50 sites from the USA, Europe, China, and Japan.
Patients aged > 20 years presenting to the ED with symp-
toms/signs of acute coronary syndrome were enrolled. All
patients were required to have cTn measured as part of their
routine care; AMI diagnosis was adjudicated by an inde-
pendent clinical events committee in accordance with the
Fourth Universal Definition of MI, blinded to the results of
the Troponin T hs Gen 6 assay.

Conclusion PERFORM-TSIX will determine the clinical
performance of the Troponin T hs Gen 6 assay for the diag-
nosis of AMI in a large, diverse global population.

Keywords Acute myocardial infarction - Acute coronary
syndrome - High-sensitivity cardiac troponin T - Protocol -
Risk stratification - Diagnosis

Introduction

Chest discomfort and other symptoms suggestive of acute
myocardial infarction (AMI) are common reasons for
patients to present to the emergency department (ED) [1].
In addition to clinical assessment and an electrocardiogram
(ECG), measurements of cardiac troponin (cTn) are integral
to the risk stratification and early diagnosis of AMI [2-6].

Diagnosis of AMI requires the detection of acute myocardial
injury, defined as a rise and/or fall in cTn with at least one
value above the sex-specific 99th percentile upper reference
limit (URL), combined with clinical evidence of myocardial
ischemia [5].

Clinical outcomes are dependent on a rapid and accurate
diagnosis of AMI to ensure prompt treatment and coronary
revascularization, as well as efficient disposition from the
ED [7]. ¢cTn measured by a high-sensitivity (hs) assay is
considered the gold standard for the early risk stratification
and diagnosis of AMI and is recommended by international
guidelines [8—11]. The International Federation of Clinical
Chemistry (IFCC) designates a cTn assay as hs when cTn is
measurable above the lower limit of detection in more than
half of all males and females in a healthy reference popula-
tion, and the assay achieves a coefficient of variation (CV)
of < 10% at the sex-specific 99th percentile URL [12, 13].
The introduction of hs-cTn assays allowed for the develop-
ment of several accelerated algorithms, such as the European
Society of Cardiology (ESC) 0/—1 and — 2 h (h) algorithms,
to support timely clinical decisions [8, 9, 14—18].

The next-generation Elecsys® Troponin T hs Gen 6 assay
(Roche Diagnostics, Rotkreuz, Switzerland) has been devel-
oped using electrochemiluminescence technology to allow
for rapid, quantitative in vitro determination of cTnT in
serum and plasma. This assay has previously demonstrated
higher analytical sensitivity and accuracy, especially at
lower cTnT concentrations than earlier assay generations,
as well as improved interference tolerance, most notably
with respect to hemolysis [19]. This aims to optimize the
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performance of the assay for standard-of-care applications.
Here, we present the design of PERFORM-TSIX, a prospec-
tive, international, observational, multicenter, longitudinal
cohort study that aims to evaluate the clinical performance
of the new Troponin T hs Gen 6 assay. The study is being
conducted across multiple global regions in a representa-
tive, diverse population of patients presenting to the ED with
suspected acute coronary syndrome (ACS), which may lead
to a diagnosis of AML.

Methods
Study design and study population

The PERFORM-TSIX study (retrospectively registered at
clinicaltrials.gov [NCT06734117, December 2024]) is a pro-
spective, international, observational, multicenter, longitudi-
nal cohort study that aimed to enroll 5600 patients with sus-
pected ACS across 50 sites from the United States of America
(USA), Europe, China, and Japan [20]. Details on study sites
are shown in Fig. 1 and suppl. Table 1. Recruitment com-
menced in November 2021 and continued for 31.5 months. In
total, 5631 participants were enrolled across the regions (US,
n=3281; Europe, n=1394; China, n=831; Japan, n=125).
The study population was an all-comers cohort consisting of
adults aged > 20 years who presented to the ED with symp-
toms or signs of possible ACS. All patients were required
to have cTn or other cardiac markers (creatine-kinase-MB)
measured as part of their routine care. Patients were eligi-
ble for inclusion if they demonstrated symptoms suggestive
of ACS and/or myocardial ischemia: chest pain; pressure; or
a burning sensation across the precordium and epigastrium;
pain that radiates (to neck, shoulder, jaw, back, upper abdo-
men, or either arm); acute onset or worsening dyspnea, gas-
trointestinal symptoms (nausea, vomiting, or indigestion);
lightheadedness or syncope; diaphoresis; generalized weak-
ness or fatigue; or if patients were asymptomatic but AMI
was suspected.

Patients who met the inclusion criteria provided written
informed consent prior to enrollment. The study was con-
ducted in accordance with Good Clinical Practice and the
Declaration of Helsinki, and ethical approval was obtained at
each site from the pertinent ethical review board. A steering
committee with expertise in cardiovascular biomarkers and
AMI governed the PERFORM-TSIX study, which is funded
by F Hoffmann-La Roche.

Objectives

Objectives and outcome measures are detailed in Table 1.
The primary objective is to determine the clinical

performance of the Troponin T hs Gen 6 assay for the diag-
nosis of AMI at 3 h post-ED presentation. Secondary objec-
tives are to evaluate the clinical performance at additional
time points (0, 1, 5, and 6 h) post-ED presentation and to
validate thresholds for use in a 0/1-h algorithm to rule out
AMI. Exploratory objectives are to validate thresholds for a
0/1-h algorithm to rule in AMI and a 0/2-h algorithm to rule
in and rule out AMI and to evaluate the prognostic value of
the Troponin T hs Gen 6 assay at 30 and 180 days.

Outcomes

The primary diagnostic outcome measure is the sensitivity
of the Troponin T hs Gen 6 assay for a clinical events com-
mittee (CEC)—adjudicated diagnosis of AMI when measured
3 h post-ED presentation (defined as samples collected 121
to 240 min post-ED presentation). Patients are only eligible
for inclusion in the evaluation of the primary diagnostic out-
come if at least one blood sample was collected within the
defined timeframe of 121 to 240 min post-ED presentation.
If more than one sample was collected within the window,
the sample closest to the middle of the window will be used.
Acceptance criterion for the primary endpoint is 81% for the
lower confidence limit (LCL) for sensitivity.

Secondary outcome measures for the clinical perfor-
mance of the Troponin T hs Gen 6 assay at additional time
points are sensitivity, specificity, negative predictive value
(NPV), and positive predictive value (PPV); measures to
validate the thresholds for a 0/1-h algorithm to rule out AMI
include sensitivity, specificity, NPV, and PPV. Acceptance
criterion for the 0/1-h algorithm to rule out AMI is 98% for
the LCL for NPV.

Exploratory outcome measures to validate the thresholds
for a 0/1-h algorithm to rule in AMI and a 0/2-h algorithm
to rule in and rule out AMI include sensitivity, specificity,
NPV, and PPV.

To evaluate the prognostic value of the Troponin T hs
Gen 6 assay, risk prediction for major adverse cardiovas-
cular events (MACE) at 30 and 180 days will be analyzed
for the different algorithmic outcome categories (rule-out,
observe, rule-in).

Study procedures

Sample collection, storage, and measurement

Venous blood samples were collected in serum and lith-
ium-heparin (LiHep) plasma tubes within 1 h, and ideally
within 30 min, of presentation to the ED (defined as time

point [T]0). TO was defined as registration in the ED; if
patients arrived by ambulance and registration was not
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Fig.2 Schematic diagram of
the PERFORM-TSIX study
design. *Please see suppl.
Table 3 for details
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performed, triage time or the earliest time stamp avail-
able in the electronic case report form (eCRF) was used.
Further samples were collected at 1, 2, and 3 h (T1-3) and
up to 6 h (T6) post-ED presentation; target and acceptable
blood collection times are detailed in Fig. 2. All blood
samples were processed into serum and plasma and cen-
trifuged in accordance with the guidelines of the sample
tube manufacturers. Samples were then frozen at—20 °C
or colder within 4 h of blood draw. All samples were visu-
ally inspected prior to the experimental run to ensure no
clots, precipitates, foam, or droplets on the container wall
were present.

In the USA, Europe, and Japan, ¢Tn in serum and
LiHep plasma samples collected at the study sites were
measured at one of five core laboratories, using the Tro-
ponin T hs Gen 6 assay on the Cobas® e 801 analyzer. In
China, serum and LiHep plasma samples were measured at
collection sites using the Troponin T hs Gen 6 assay on the
Cobas e 801 analyzer. Details on testing sites are shown
in suppl. Table 2. All samples were also measured using
the current assay generation, Elecsys Troponin T (US)/
Elecsys Troponin T hs Biotin PU STAT (rest of world) on
the Cobas e 801 analyzer.

In addition to measuring cTn, multiple pathophysi-
ological markers were measured to gather further infor-
mation on comorbidities and to detect possible analyti-
cal interferences. Across all regions, a blood sample was
used to measure N-terminal pro B-type natriuretic peptide
(NT-proBNP), creatinine, and serum indices (hemolysis,
icterus, and lipemia). In the USA, Europe, and Japan, bili-
rubin and triglycerides were measured from blood samples
taken at each time point (results for individual time points
will be excluded if out of range), whereas in China, lev-
els were only measured once and will be applied to all
time points. Ranges for exclusion were serum hemolysis
index > 1000 (> 100 when using Elecsys Troponin T hs
Biotin PU STAT assay); bilirubin > 25 mg/dL; or triglycer-
ides > 1500 mg/dL; all tested at the testing site. Additional
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serum and plasma were retained for future use in other
ethically approved studies.

Data collection

Data were collected and recorded in eCRFs and included
patient demographics, vital signs, medical history, medica-
tions, electrocardiography, additional cardiac investigations,
other routine laboratory testing, length of hospital stay, dis-
charge/admission decision, any in-hospital cardiac events,
and the final clinical diagnosis as recorded by sites. The
full list of parameters that were collected is shown in suppl.
Table 3. For adverse event (AE) and serious adverse event
(SAE) reporting, the investigator determined if any AE/SAE
occurred, and all study-related SAEs/AEs were recorded in
the eCRF. SAEs were reported within 3 days of knowledge
of the event.

Adjudication of the diagnosis of AMI

The diagnosis of AMI (type 1, 2, 4b, 4c) was adjudicated
by a central and independent CEC in accordance with the
Fourth Universal Definition of MI [5], blinded to the results
of the Troponin T hs Gen 6 assay. AMI was defined as a
rise and/or fall in cTn with at least one value above the 99th
percentile URL, combined with clinical evidence of myo-
cardial ischemia [5]. Each case was reviewed independently
by two clinicians blinded to each other’s determination. If
the reviewers’ diagnoses were the same, the diagnosis was
finalized; if the reviewers’ diagnoses differed, a third clini-
cian reviewed the presentation to establish the final adjudi-
cated diagnosis. Each adjudicator had access to de-identified
clinical data, including a description of symptoms, time of
symptom onset, all 12-lead ECGs from the ED, echocardi-
ography, cardiac stress testing and imaging, results of the
local site ¢Tn (including manufacturer and assay used, time
of blood draw, result value and cut-offs used locally) and/
or other cardiac biomarker tests, specified laboratory tests,
treatment and hospital admission and discharge information.

@ Springer



Clinical Research in Cardiology

Results of the centrally measured current clinically available
Elecsys Troponin T hs assay, NT-proBNP measurement and
30-day follow-up were also provided to the adjudicators.
Based on all available clinical information, diagnosis was
adjudicated in line with the Fourth Universal Definition of
MI and classified into the following categories: (1) AMI
(non-ST-elevation myocardial infarction (NSTEMI), ST-
segment elevation myocardial infarction (STEMI), ECG not
available or interpretable); (2) unstable angina; (3) cardio-
vascular non-coronary artery disease; (4) non-cardiac dis-
ease or symptoms of unknown origin. The clinical perfor-
mance of the universal 99th percentile URL of the Troponin
T hs Gen 6 assay was analyzed based on adjudication using
the universal (non-sex-specific) cut-off for the current assay
generation (Elecsys Troponin T hs) and performance of sex-
specific 99th percentile URLs derived for the Troponin T
hs Gen 6 assay were analyzed based on adjudication using
sex-specific cut-offs. This was the gold standard diagnosis
used to determine the clinical performance of the Troponin
T hs Gen 6 assay.

Patient follow-up and outcomes

Patient follow-ups were conducted at 30 (+7) and 180 (+7)
days post-ED presentation and consisted of a thorough chart
review followed by a phone interview. To enhance the com-
pleteness of follow-up, patient calls were attempted on at
least three different occasions. If approved by ethics com-
mittees, sites could also send a letter to the patient, and a
follow-up reminder card could be provided at the time of
enrollment.

Subsequent hospitalization for any cause, MACE (MI
(including type of MI for the 30-day follow-up), all-cause
death (cardiac and non-cardiac) [21]) occurring follow-
ing discharge, and lost to follow-up rates were recorded in
the eCRF (suppl. Table 3) for 30- and 180-day outcomes.
Risk stratification and prognostic value of the Troponin T
hs Gen 6 assay will be evaluated. For the 30-day follow-up
only, any diagnostic or therapeutic procedures that occurred
since discharge and the date they were performed (including
ECG, echocardiogram, cardiac computed tomography scan,
cardiac magnetic resonance imaging (MRI), stress tests,
invasive angiography, percutaneous transluminal coronary
angioplasty (urgent/routine), and coronary artery bypass
graft (urgent/routine)) were recorded in the eCRF (suppl.
Table 3).

Statistical analysis
Baseline characteristics, including distributions of age, sex,
ethnicity, and race, will be summarized as proportions, mean

and standard deviation, or median and inter-quartile range
as appropriate in the study population, with stratification

@ Springer

according to whether the final adjudicated diagnosis was
AML

The universal and sex-specific 99th percentile URLs
derived from a separate reference range study (REF-TSIX)
will be used to classify the Troponin T hs Gen 6 assay
results, with values above indicative of a potential AMI
[5]. Sensitivity, specificity, NPV, and PPV will be calcu-
lated using cTnT measurements taken at sample analysis
times TO, T1, T3, TS, and T6 (Fig. 2), based on all evaluable
samples available at each time point. Clinical performance
measures will be reported with 95% confidence intervals
(CIs) estimated using the Wilson score method [22]. The
results will be shown for the total cohort as well as sepa-
rately for females and males (determined by sex assigned
at birth). A subpopulation excluding STEMI patients will
also be analyzed.

Thresholds and delta change values for rapid algorithms
(0/1 h and 0/2 h) to rule out and rule in AMI for evalua-
tion in this study will be determined in a separate cohort,
independent of this analysis. The results of the independent
cohort analysis will be validated in this PERFORM-TSIX
study cohort. Sensitivity, specificity, PPV, and NPV will be
calculated with 95% Cls for the rule-out and rule-in criteria.

Risk prediction based on Troponin T hs Gen 6 strata and
prognostic value for the classification of the algorithmic out-
come categories (rule-out zone, observe zone, rule-in zone)
will be analyzed with respect to short-term (30-day) and
long-term (180-day) outcomes (MACE [MI (including type
of MI for the 30-day follow-up), all-cause death (cardiac and
non-cardiac) [21]). The Kaplan—Meier method will be used
to perform time-to-event analysis to compare the survival
probabilities for different TnT strata and algorithmic out-
come categories (rule-out zone, observe zone, rule-in zone).
To this end, hazard ratios calculated from the Cox regression
model and cumulative event-free rates will be reported to
quantify the difference in risk between groups.

To determine the clinical performance of the Troponin T
hs Gen 6 assay measured 3 h following presentation to the
ED (primary objective), the sensitivity for a CEC-adjudicated
diagnosis of AMI will be calculated at the sex-specific and
universal 99th percentile URL. Assuming an expected sensitiv-
ity of 90%, and setting the two-sided significance level of 5%,
a sample size of at least 160 patients with AMI is required to
give power of at least 80% [23], using a statistical test based
on an acceptance criterion of 81% for the LCL for sensitivity.

To validate the clinical performance of the Troponin T
hs Gen 6 assay in a 0/1 h algorithm (secondary objective),
an NPV of greater than 99% was expected for those patients
stratified as rule out [8]. To provide at least 80% power at 5%
significance, 1356 patients were required who met the criteria
for rule out, using a statistical test based on the acceptance cri-
terion of 98% for the lower bound of the 95% CI for the NPV.
Assuming approximately 60% of patients met the criteria for
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rule out [4, 24], a total sample size of 2326 evaluable patients
with samples at 0 and 1 h was required. Such a total sample
size enabled the certainty of 95% that 1356 patients who met
the criteria for rule out would be found in a sample of 2326
patients (Schaetzkin adjustment) [25], given the assumptions
mentioned above. Based on a minimum sample size of 2326
patients and accounting for incomplete sample collection for
TO/T1 samples of around 35% [23], a 10% dropout rate, as well
as regional representation due to regulatory requirements, we
aimed to recruit approximately 5600 patients.

All cTn results will be stored in a Web-based Computer
Aided Evaluation (WebCAEYV) database. For statistical anal-
ysis, the data from WebCAEyv and the eCRF will be exported
and merged using the statistics software R [26].

Discussion

The PERFORM-TSIX study aims to evaluate the clinical
performance of the Troponin T hs Gen 6 assay as an aid in
the diagnosis of AMI in a prospective, multinational real-
world cohort. Clearly defined acceptance thresholds and
the use of diagnostic, algorithmic validation, and prognos-
tic endpoints will ensure the study results are relevant for
clinical practice. The patient enrollment using broad inclu-
sion criteria and geographically diverse sites will reflect the
real-world use of ¢cTn assays. The inclusion criteria include
secondary symptoms of AMI, which are more prevalent in
numerous subcohorts, including elderly patients and patients
with diabetes [27, 28]. While female and male patients are
as likely to present with chest pain, female patients are more
likely to report additional symptoms [29-31]. The inclu-
sion of symptoms other than chest pain should ensure that
the results are relevant to the broad range of patients who
undergo evaluation for suspected ACS. In addition, the adju-
dicated final diagnosis is based on all available clinical data,
irrespective of the number of cTn time points available.

The global population, large sample size, and representa-
tion from different healthcare settings, including community
hospitals and tertiary care centers, as well as liberal inclu-
sion criteria, will enhance the real-world applicability of the
study results. Notably, previous studies evaluating the per-
formance of hs-cTn assays have tended to be performed in
smaller populations enrolled from a single healthcare system
or country [3, 32-36]. The large sample size will also allow
for secondary analyses, while the inclusion of patients from
different racial and ethnic groups will enable the study to
account for potential variations in cTn levels based on race
and ethnicity [37, 38].

Validation of the Troponin T hs Gen 6 assay for use in
rapid rule-in and rule-out algorithms is an added benefit of
the study design and will allow the assessment of the assay
performance in guideline-recommended clinical pathways.

In a meta-analysis of 30,066 patients, the 0/1- and 0/2-h
algorithms demonstrated a higher sensitivity and NPV than
a 0/3-h algorithm using the 99th percentile to rule in and
rule out AMI [39]. Additionally, it has been shown that the
ESC 0/1-h algorithm allows earlier clinical decision-making,
which can reduce the total time to discharge by reducing
the length of stay in the ED [3, 7, 39, 40]. Validating the
performance of the new assay in these rapid algorithms will
help to support effective implementation of the Troponin T
hs Gen 6 assay.

In addition to diagnosing AMI when a patient presents
to the ED, cTn may be beneficial for the prognosis of other
cardiovascular diseases [41-43]. As well as determining
the diagnostic use of the Troponin T hs Gen 6 assay, the
PERFORM-TSIX study will evaluate the assay’s utility for
risk stratification and prediction of subsequent death and
MACE at 30 and 180 days.

Our study is not without limitations. First, while a global
study provides a robust evaluation of overall assay perfor-
mance, because no single population is solely represented,
application of the overall results to any specific locality
may require subset analysis for the best accuracy. It is also
possible that local or regional standards of care or practice
protocols at individual hospitals influenced sample collec-
tion procedures and the availability of samples at some time
points. In addition, as with any prospective investigation,
patients may be lost to follow-up; however, the large sample
size and robust follow-up methods (e.g., second telephone
number, checking hospital records, multiple phone calls, and
sending a letter to the patient’s address) will improve follow-
up completion and reduce the risk of selection bias. Further-
more, patients who missed any of the predefined sample
collection time points were excluded from the analysis at
that time point, reducing the number of samples available
for analysis and providing undefined bias. However, it might
be noted that patients missing later follow-up time points are
likely to be lower-risk patients (i.e., those with early or rapid
discharge) and the exclusion of these patients is unlikely to
have a significant influence on our outcomes. Those patients
still received an adjudicated diagnosis.

As our study included an all-comers population, it is
possible that patients may have been enrolled late after the
onset of symptoms; therefore, a subanalysis based on early
versus late presenters according to symptom onset (rather
than presentation to the ED) may be beneficial. In addition,
the all-comers population will result in the inclusion of
patients with STEMI, which may bias the performance of a
cTn assay as patients with STEMI show higher cTn levels
compared with patients with NSTEMI [44]. Despite higher
cTn concentrations in STEMI overall, a high proportion of
patients with STEMI have low or undetectable cTn concen-
trations at presentation due to both early presentation as
well as abrupt coronary occlusion that may initially prevent
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cTn release into the circulation [45], which could lead to
false-negative results. cTn is not the recommended way to
diagnose STEMI in the ED, where time is of the essence
and the ECG and clinical presentation alone are typically
used. However, patients with STEMI should not be actively
excluded in trials evaluating cTn assays, as ST elevations
may be unclear in the initial ECG and in such settings, cTn
can be important to confirm a diagnosis of AMI. To over-
come this potential bias, a subanalysis excluding STEMI
patients will also be performed.

Finally, as c¢Tn is integral to the diagnosis of AMI, there
is a risk of confirmation bias, but this is integral to all diag-
nostic performance studies evaluating novel cTn assays. It
may be speculated that if a different hs-cTn assay were used
as the gold standard, the data to support clinical performance
may vary. However, an effort has been made to minimize this
by using an independent CEC to perform diagnostic adju-
dication using standardized criteria, including rules about
what to do when some of the clinical and/or biochemical
information was missing, whilst blinded to the results of the
Troponin T hs Gen 6 assay.

Conclusion

PERFORM-TSIX is a prospective, international, observa-
tional, multicenter, longitudinal cohort study evaluating the
clinical performance of the Troponin T hs Gen 6 assay as an
aid in the diagnosis of AMI. The study will also determine
the assay’s performance to rule in or rule out AMI using
rapid algorithms and to risk-stratify patients for short- and
long-term outcomes. The main strengths of the study are the
large sample size, diverse global population, and inclusion
of healthcare centers with different levels of care, which
will ensure the findings can be applied in many populations
and settings.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00392-025-02842-x.
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